Background In a beam cycle, there is a chicane bump (BC bump) in the injection region of China Spallation Neutron
Fig. 1 Layout of the CSNS injection system
In order to reduce the beam loss caused by the space charge effects, the phase space painting in the position was used in both horizontal and vertical planes for CSNS [4, 5] . Fig. 1 shows the layout of the CSNS injection system. It can be found that there are three kinds of orbit bumps: a horizontal chicane bump (four dipole magnets, BC1-BC4) in the middle for an additional closed-orbit shift of 60 mm; a horizontal bump (four dipole magnets, BH1-BH4) used for painting in the horizontal plane; a vertical bump (four dipole magnets, BV1-BV4) used for painting in the vertical plane.
During the beam commissioning of CSNS [6] [7] [8] , the residual orbit of BC bump, i.e. the closed-orbit distortion (COD) due to the imperfect BC bump, can affect the orbit correction and beam loss control of the RCS which need to be studied in detail. In the following sections, the methods to measure and correct the residual orbit of BC bump will be given and applied to the beam commissioning. The problem of the residual orbit of BC bump will be satisfactorily solved.
Basic method
Because of the compact space and vacuum box aperture in the injection region, there is a horizontal chicane bump which gives an additional closed-orbit shift of 60 mm.
According to the physics design, there is no residual orbit of BC bump in theory. However, if the residual orbit of BC bump exists in the actual operation, the circular beam orbit outside the injection region would be affected and the orbit correction of the RCS would be less precise. The residual orbit of BC bump needs to be corrected in time.
Measurement method to the residual orbit of BC bump
In order to measure the residual orbit of BC bump, four beam position monitors (BPMs) near the injection region (R4BPM02, R4BPM01, R1BPM01, R1BPM02) should be used. After actual measurement, the COD data of these four BPMs can be given In theory, by using the measurement data of Therefore, the residual orbit of BC bump can be corrected and the circular beam orbit outside the injection region cannot be affected.
Control program to measure and correct the residual orbit of BC bump
Based on the XAL application development environment which was developed initially by SNS laboratory [9] [10] [11] , the control program that measuring and correcting the residual orbit of BC bump can be written, as shown in 
Numerical simulation
In the numerical simulation, in order to measure and correct the residual orbit of BC bump, a corrector is necessary in the BC bump region. By adjusting the corrector, the residual orbit of BC bump can be created. By adjusting the three auxiliary powers of BC magnets, the residual orbit of BC bump can be corrected. 
Machine study
The methods to measure and correct the residual orbit of BC bump were tested and applied to the beam commissioning of CSNS/RCS. In the early stage of the machine study, in order to make the orbit correction of the RCS more precise, the residual orbit of BC bump was measured and corrected. The measurement results in the machine study showed that the residual orbit of BC bump
is not large and can be corrected by the three auxiliary powers of BC magnets. 
Conclusion
During the beam commissioning of CSNS, the residual orbit of BC bump was an important problem which can affect the orbit correction and beam loss control of the RCS. In this paper, a measurement method to the residual orbit of BC bump was studied and given in detail.
Furthermore, by using the three auxiliary powers of BC magnets, a method to correct the residual orbit of BC bump was developed. The numerical simulation results
showed that the methods to measure and correct the residual orbit of BC bump had worked well and they can be applied to the beam commissioning. During the machine study, after the data analysis, the research results showed that, within the precision of the RCS BPMs, the residual orbit of BC bump was not large and can be corrected by the three auxiliary powers of BC magnets.
